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The LXe Large Prototype (2.0)
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Current designed photosensor area coverage:

400 MPPC quads on the window 
→ 31.65 %

37 XMass prototype PMTs on the back cap 
→  25.69 %

96 MEG prototype PMTs on the walls 
→ 12.5 %

Total inside surface coverage of 15.2 %
Emma Klemets   PIONEER Collaboration Meeting                      Jan 8, 2025

LXe filled 

72 cm 

54 cm 

● The cryostat → from the MEG large prototype
● Windows → being developed by Satoshi
● LXe system, ~ 650 kg of LXe
● Support structure → being designed by a TRIUMF engineer
● 2 PMT calibration systems
● A purity monitor 



Optical simulation setup
QGSP_BERT_EM4, geant4-11-00-patch-01 [MT]
rCalo = 27.0 cm ~ 5.2 LXe Molière radii
zCalo = 72.0 cm ~ 25 𝜲o 
WindowRadius = 17 cm

→ See backup slides for more simulation properties
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rCalo

zCalo
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+z

+y +xOptics details

● 100 % light absorbing support structures

● LXe light yield of 45 000 optical photons 
(OP) per MeV

● Scintillation yield turned down to 20 % 
→ effective quantum efficiency of PMTs & 
reduces simulation runtime



Current outlook of LP based on simulations
After weighting: energy resolution (σ/μᐧ100) of 1.8 %, from a CB fit ; tail fraction of: 0.4 %

● This weighing of photon hits is needed because of the different PMT/SiPM coverage 
on each surface

● Could try to even out the side and back wall photosensor coverage
● Positron beam is a forward 70 MeV with beam spot of 1.2 x 1 cm, no divergence

4

Before weighing After simple 5 surface weighing

123
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Reflectivity study
Varying the reflectivity of the inside support 
structures (including simplified MPPC supports 
inside the window).

Using 70 MeV positron pencil beam (σx,y,z = 1 mm)
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50 % reflectivity

90 % reflectivity

100 % 
absorbing
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PROTOTYPE +

R

PIONEER

PROTOTYPE

* All this is done for the 70 MeV pencil electron beam going directly downstream

       “Half” 
PIONEER 

Restricting in radius along the beam direction
(respecting the limitation of the current cryostat)

Tail and LXe geometries  By Aleksey Sher



Calibration
LEDs → Set gain of each PMT

● This is to convert ADC count to number of photoelectrons (Npe)
● Need a couple blue LEDs

○ Must be stable → stability should be better than random noise amplitude
○ Multiple pairs of LEDs just to check calibration

● Get relation of variance vs charge mean with different LED 
intensities

● Plan to use optical simulation to set placement of LEDs

Alpha sources → Get QEs of each PMT

● This is to convert from Npe to number of photons (Nph) & position 
reconstruction

● Can use the MEG prototype ones: 100 micron-meter tungsten 
wire with 241Am source wrapped around it

● Need to compare with MC results
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Images from Toshiyuki Iwamoto
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MEG Prototype PMTs
All PMTs from MEG have been tested in simple 
test box, except 6 potted ones.

Inventory at TRIUMF:
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Functional Not 
functional

Not tested 
(potted with 
filler)

Total

118 16 6 140

● Testing with calibrated light source for 
absolute QE values ongoing

One of the Hamamatsu PMTs

3.2 cm

5.7 cm



PUMA: PUrity Monitor Assembly

● A prototype of a LXe purity monitor 
for PIONEER

● To monitor the amount of 
electronegative impurities (O2, N20, 
etc.) in xenon

Increased number of electronegative 
impurities = electron attachment 
⇒ loss of light 

● Expect to have a sensitivity of ~10−6 
mol or 10 ppb

● PUMA is currently being tested in 
LoLX at McGill
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PUMA
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How PUMA works
● UV light from Xe lamp hits a photocathode 

(10 nm layer of gold on a MgF2 window) 
and creates electrons 

→  cathode signal (Qc)

● Electrons drift ~ 4 cm through a uniform 
electric field (takes time td)

○ Created by 4 copper rings at HV

○ Shielded from anode/cathode by fine grids

● Bottom anode measures charge of 
remaining electrons

→  anode signal (Qa)
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From P. Comerford, Co-op report 2024

Example of one run: 
average of 10 Xe lamp 
flashes
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Next steps
Simulation

● Angled beam (expecting a ~ 15 deg rotation possible)
● LED & alpha source calibration simulations
● Preliminary μ → 5e simulations

Hardware

● DAQ setup at TRIUMF
● LEDs for calibration

Purity Monitor

● Continuing tests at McGill with PUMA, hopefully in xenon soon
● Vacuum tight setup at TRIUMF for room temperature Ar tests

○ Grid transparency test setup → new student Ella
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Backup slides
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Energy resolution position dependance
Looking at the case of “virtual” SiPM 
sensors spaced out by 80% of their size on 
the inner and outer surfaces (full 
PIONEER calo geometry is used here).

Then shifting “virtual” sensors by the 
fraction of the SiPM size. 

a
a*0.8

In this case (80% spacing ~ 
31% photo coverage) 
the Energy resolution  ranges 
from 0.9% to 1.4% with
a 1.1% average.

Spacing sketch

a - SiPM size (12mm)

 By Aleksey Sher
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LP hardware components
Cryostat - from MEG LP

● Will need some new fillers to be designed along with the support structure

Windows - currently being tested
● Vacuum window: 500 um of Al, tolerable to 0.1 MPa
● Xe window: 200 um of Ti-6Al-4V, 20 cm diameter, tolerable up to 0.3 MPa

PMT support structure
● Mainly made of aluminum, set on rails at base
● Ongoing work on PMT holders to ensure thermal compression is not a problem
● Wire routing through top-back chimmy feedthroughs

MPPC support structure
● Want design to create as uniform dead material as possible on surface of window
● Choice between mounting it to the window, or to the edge of the rest of the PMT 

supports
● Material choice still in progress

LXe system
● Need to get a HP tank
● Gaseous purification is slow (1 month) in the current setup → one of our 

collaborators is working on scaling up the system
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Simulation
Using Monte Carlos commit b814970
All analysis has a simple time cut:

100 ns > caloLXeEntry.GetTime()

Optical simulation details
LXe optical properties

"light_yield": 45000, #OP/MeV
"decay_constant": 45.0, #ns
"decay_constant_slow": 45.0, #ns
"Absorbtion_length": 1000.0, #cm
"Yield_ratio": 1.0,
"Scattering_length": 45.0, #cm
"refractive_index": 

A function of wavelength, ex: at  175.01 nm : 1.67710 mm

Quartz
"Refractive_index":

A function of wavelength, ex: at  175.0 nm : 1.60690 mm

            

Somewhat realistic positron beam I’m using:
/gps/pos/type Volume
/gps/pos/shape Para
/gps/pos/centre 0 0 -100 mm
/gps/pos/halfx 0.6 cm
/gps/pos/halfy 0.5 cm
/gps/pos/halfz 1 mm
/gps/direction 0 0 1
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PMT & SiPM map With 400 quads, not broken down into the 4 MPPCs per tile
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Photon hit map With 400 quads, not broken down into the 4 MPPCs per tile
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0 % reflectivity run used in reflectivity study
After scaling: energy resolution of 1.8 %, from a CB fit ; tail fraction of: 0.45 %

● 70 MeV positron pencil beam (σx,y,z = 1 mm)

Before weighing After simple 5 surface weighing
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Mean number (peak of OP 
distribution) of photons 
detected per positron event 
as a function of wall 
reflectivity.
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Extra PUMA details

● For an electric field of 1600 V/cm in LXe, 
the 3.88 cm length of the PUMA drift 
region should take electrons ~ 21 µs to 
travel

● Using k ~ 4 x 1010 [1], we’d expect to have 
a sensitivity of ~ 10−6 mol or 10 ppb

○ This is a really rough estimate, using 
standard effective measure of O2-equivalent, 
and the k’s are really electric field dependant
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From P. Comerford, Co-op report 2024

[1] https://pubs.acs.org/doi/abs/10.1021/j100564a006 

https://pubs.acs.org/doi/abs/10.1021/j100564a006
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Calculating electron lifetime
Ratio of anode to cathode signal is related to electron lifetime, and therefore 
electronegative impurity count. However, some approximations and/or careful 
measurements and simulations are needed:

Ratio of anode to 
cathode charge 
detected

Ratio of drift times 
before and after the 
drift region

Grid transparency of 
the top and bottom 
grids

Drift time through 
the drift region 
(region 2)

k: attachment rate
C: concentration of the 
impurity

To get to impurities 
amounts:
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μ → 5e search with the LP
We might be able to do an exotic muon decay 
search: 

● The SM decay has 2 neutrinos in it, this 
one would be BSM, involving an on-shell 
dark Higgs [1]

● Current limit is Br(μ → 5e) < 4 x 10-6

● Requires as uniform PMT coverage as 
possible

Simulation work is needed to decide the 
feasibility of this study From Doug

[1] Hostert et al. https://arxiv.org/pdf/2306.15631 

https://arxiv.org/pdf/2306.15631

